Supplementary Information

Tracer Injections and Stream Discharge

Tracer-injection methods have been used to quantify discharge in mountain
streams to overcome theoretical and logistic difficulties imposed by the traditional
velocity-area method (Jarrett, 1992;Rantz, 1982). Because a substantial percentage of
stream water may be flowing through porous areas of the streambed that comprise the
hyporheic zone (Zellweger and others, 1989), measurement of discharge using the
velocity-area method does not account for flow through the hyporheic zone, and
discharge estimates based on the velocity-area method may result in an underestimate of
metal loads (Zellweger and others, 1989). Another limitation of the velocity-area method
for the characterization of metal loads is the time limit it may place on the number of
sites that can be sampled in a single day. In the studies described below, numerous
instream samples were collected during a single day to characterize stream and inflow
chemistry within the hydrologic context of the tracer injection. Velocity-area discharge
measurements performed in conjunction with sample collection at such a large number of
sites would be difficult, if not impossible.

To apply the tracer-dilution method, an inert tracer is continuously injected into
the stream at a constant rate and concentration (Kilpatrick and Cobb, 1985). A key factor
is the ability to maintain a constant rate during the continuous tracer injection. During
these studies, tracer injections were controlled with precision metering pumps linked to a
data logger to provide a means to maintain a constant injection rate as battery voltage
decreases. Given sufficient time, all portions of the stream including side pools and the

hyporheic zone will reach a steady tracer concentration (Broshears and others, 1993).
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During low-flow conditions, decreases in that steady concentration with distance
downstream reflect the dilution of tracer by additional surface and ground water entering
the channel. During high-flow conditions, the dilution of the tracer in the parcel of water
that 1s being sampled at different locations along the study reach is used to calculate
discharge. Application of the tracer-dilution method addresses two problems often noted
for synoptic discharge measurements in mountain streams: (1) the tracer enters porous
areas of the streambed such that flow through the hyporheic zone is accounted for; and
(2) collection of tracer samples when steady concentrations are achieved provides the
ability to obtain discharge estimates at numerous locations.

Mass-balance equations are used to determine stream discharge, which is based
on the observed dilution of the Br tracer. Because of the circum-neutral pH values found
in the Animas River in this study reach, NaBr was used in the individual studies
described herein. The Br tracer provided a large concentration contrast with background
Br, and also has little tendency to sorb to solid materials in the neutral pH range of these
waters. In addition, spatial variability in background concentrations was low, such that
background concentrations were nominally uniform. Given these conditions, stream

discharge at any location downstream of the injection is given by:

0,= (gﬂvi%w )
A BG
where (), is the stream discharge, in L/s,
C,,, 1s the injectate concentration, in mg/L, (1)
O, 1s the injection rate, in L/s,
C, 1s the tracer concentration at plateau, in mg/L, and

C,. 1s the naturally occurring background concentration, in mg/L.

Additional information on tracer-dilution is available in Kimball and others (2002).

Previous studies document the transport, chemistry, and toxicity of inorganic tracers
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(Bencala and others, 1990; Broshears and others, 1993; Tate and others, 1995; Zellweger,
1994).

The tracer can be diluted in several ways. If no visible inflow occurs between
stream sites or seeps or springs are evident in a stream segment, the change in stream
discharge likely comes from dispersed, subsurface inflow. If a tributary inflow is present,
the change calculated by tracer-dilution includes both the surface-water tributary inflow
and any dispersed, subsurface inflow that may be associated with the tributary. Individual
discharge measurements of tributary surface-water inflows were not made. Instead, the
discharge of an inflow was assigned as the difference in discharge between the
downstream and upstream stream sites around the inflow. For a stream segment with
more than one sampled inflow, the discharge assigned to the individual inflows is
proportioned according to mass balance using the concentrations of a conservative
constituent from the inflows (often sulfate at high pH) and the change of constituent mass

along the stream segment.

Sample Processing and Analytical Methods

For both studies, stream and inflow samples were collected at predetermined sites.
Water temperature was measured onsite and water samples were transported to a central
location where samples were divided into several 125-mL bottles with different
treatments: a raw (unfiltered) unacidified sample (RU), a raw acidified sample (RA), a
filtered unacidified sample (FU), a filtered acidified sample (FA), and an ultrafiltered,
acidified sample (UFA). Specific conductance and pH were determined from the RU
sample as soon as possible after sample collection. Tangential-flow filtration was used
with 0.45-um membranes (FU and FA samples) and 10,000-Dalton molecular weight

membranes (UFA ultrafiltration sample) for the low-flow synoptic sampling.
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Ultrafiltration was applied to a few stream sites for high-flow conditions, but the majority
of filtration for April 2003 was with 0.45-um in-line capsule filters, for FA and FU
samples. Metal concentrations for the RA, FA, and UFA treatments were determined by
inductively coupled plasma-atomic emission spectrometry (Lichte and others, 1987).
Anion concentrations were determined from FU samples using ion chromatography
(Brinton and others, 1996; Kimball and others, 1999). Total alkalinity was determined by

titration from the FA sample (Barringer and Johnsson, 1989).

Constituent Loads

Sampled instream load is calculated as the product of the total-recoverable
concentration of the constituent and the stream discharge. Although total-recoverable
concentration is used for the total instream load, both instream dissolved and colloidal
loads can be calculated individually 1f both filtered and total-recoverable samples are
collected. The longitudinal profile of sampled instream load constitutes the basic data for
the mass-loading approach. For each stream segment, the change in load between a pair
of stream sites accounts for the gain or loss of constituent load for that segment. The
change in load for the segment starting at location 4 and ending at location B is:

AM, =(C,0, - C,0,)(0.0864)

where AM  is the change in sampled instream load from location 4 to B, in kg/day,
C, is the concentration of the selected constituent at location B, in mg/L,
0, 1s the discharge at location B, in L/s,
C, is the concentration of the selected constituent at location 4, in mg/L,

0, is the discharge at location 4, in L/s, and
0.0864 is the conversion factor from mg/s to kg/day.

Gains in constituent load (AM, is greater than zero) imply that a source contributes load

to the stream between the two stream sites. Because instream processes might reduce the
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net gain, the measured change may not indicate the total magnitude of the source.
Alternatively, a decrease within a stream segment (AM; is less than zero), indicates a net
loss of the constituent as a result of physical, chemical, or biological processes. A net loss
does not preclude the presence of a source of loading within a particular stream segment,
but it does preclude quantifying the magnitude of that source through changes between
stream sites. Summing all the increases in load between sampling sites along the study
reach (positive values of AM,) leads to a quantity called the cumulative instream load. At
the end of the study reach, the cumulative instream load is the best estimate of the total
load added to the stream but is likely a minimum estimate because it only measures the
net loading between sites and does not account for metal loads added to and then lost
from the water column within individual stream segments. Thus, percentages of loading

are best determined by dividing segment loads ( AM ;) by the cumulative instream load.

In considering estimates of stream discharge and metal concentration at each
stream site, it 1s possible to predict an error for the change in load along a stream
segment. The error is determined by the precision of both discharge and chemical

measurements (Taylor, 1997), according to the equation (McKinnon, 2002):

Load error = \JO}AC? + C2 A’ (.0864)

where AC, is the concentration error at site 4, in mg/L,
AQ), 1s the discharge error at site 4, in L/s, and
0,.C,,and 0.0864 are defined in equation 2.

The value of AC, is based on the single operator precision of the chemical analysis
(Friedman and Erdmann, 1982). The value of AQ, is based on the precision of the tracer

concentration analysis of repeated measurements at sites that cover the range of discharge

in the study reach. This results in a precision value that is a function of discharge. Load
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error is calculated for the upstream sampling site of each stream segment and compared
to the change in load for the stream segment, AMs. If the absolute value of AMj is greater
than the load error, then there has been a significant change in load. Only the values of
AMj that are greater than the load error are included in the longitudinal profiles of

cumulative instream load.

Cluster Analysis for Sample Classification

An important objective of synoptic sampling is to recognize patterns or chemical
characteristics among samples that can indicate the sources of mine drainage. Water that
interacts with a particular mineral assemblage may exhibit a characteristic chemical
signature that provides distinction from other inflow samples. Thus, groups of inflow
samples are identified by their similarities using a cluster-analysis method called
partitioning around medoids to objectively quantify distinctions among the samples
(Kaufman and Rousseeuw, 1990). The method uses Euclidian distance as a multivariate
measure of differences among samples, and the method minimizes the differences among
samples within a group, or cluster, while distinguishing differences among groups. Total-
recoverable concentrations were used as input to the analysis for inflow samples, and
both dissolved and colloidal concentrations were used for stream samples. Variability
among inflow chemistry often can result from the extent of water-rock interaction. This
can lead to relations among variables that arise from mass-balance stoichiometry during
dissolution and chemical equilibrium during precipitation. These relations often are
expressed linearly in log transformed data, and thus, the chemical concentration of each
constituent, expressed in millimoles per liter, was log-transformed to improve
correlations that may be related to the stoichiometry of particular chemical reactions and

mineral equilibrium constraints.
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Table E1. Chemical analyses of low- and high-flow synoptic samples
[Filter: UFA, ultrafiltration, FA, 0.45-micrometer, RA, total recoverable; mg/L, milligrams per liter; ug/L, micrograms per liter; blank cells, no analysis;
Sodium bromide injected]

Study Sample Source Distance  Filter Description Date Time Specific
identification conductance
meters microsiemens/c
m

Low A3-3655 Stream 3,655 UFA Injection site and TO upstream fromove 8/31/02 16:30 320
Low 'A3-3655 Stream 3,655 FA Injection site and TO upstream fromove 8/31/02 16:30 320
Low A3-3655 Stream 3,655 RA Injection site and TO upstream fromove 8/31/02. 16:30 320
Low A3-4023 Stream 3,909 UFA Downstream from injection 8/31/02 16:12 318
Low A3-4023 Stream 3,909 FA Downstream from injection 8/31/02 16:12 318
Low A3-4023 Stream 3,909 RA Downstream from injection 8/31/02 16:12 318
Low A3-4161 Inflow 4,033 FA right bank cascade from rocky bank (4033) 8/31/02 16:30 323
Low A3-4161 Inflow 4,033 RA right bank cascade from rocky bank (4033) 8/31/02 16:30 323
Low A3-4166 Stream 4,166 UFA T1 --> Upstream from Arastra 8/31/02. 15:50 329
Low A3-4166 Stream 4,166 FA T1-->Upstream from Arastra 8/31/02 15:50 329
Low A3-4166 Stream 4,166: RA T1 --> Upstream from Arastra 8/31/02. 15:50 329
Low A3-4186 Inflow 4,186 UFA Arastra Gulch 8/31/02 15:51 239
Low A3-4186 Inflow 4,186, FA Arastra Gulch 8/31/02 15:51 239
Low A3-4186 Inflow 4,186 RA Arastra Gulch 8/31/02 15:51 239
Low A3-4250A Stream 4,250 UFA Downstream from Arastra Gulch 8/31/02 15:33 316
Low A3-4250A Stream 4,250 FA Downstream from Arastra Gulch 8/31/02 15:33 316
Low A3-4250A Stream 4,250 RA Downstream from Arastra Gulch 8/31/02 15:33 316
Low A3-4250B Stream 4,250 UFA Downstream from Arastra Gulch 8/31/02 15:38 315
Low A3-4250B Stream 4,250 FA Downstream from Arastra Gulch 8/31/02. 15:38 315
Low A3-4250B Stream 4,250 RA Downstream from Arastra Gulch 8/31/02 15:38 315
Low A3-4300 Inflow 4,300. FA Smali spring upstream from pipe bridge 8/30/02 13:34 611
Low A3-4353 Inflow 4,353. FA Stream level spring 8/30/02 13:47 1,662
Low A3-4385 Inflow 4,385 FU Moss and Al pptn at spring 8/30/02 14.05 1,602
Low A3-4473 Stream 4,473 UFA Downstream from right bank acid inflows 8/31/02. 15:20 313
Low A3-4473 Stream 4473 FA Downstream from right bank acid inflows 8/31/02 15:20 313
Low A3-4473 Stream 4473 RA Downstream from right bank acid inflows 8/31/02 15:20 313
Low A3-4520 Inflow 4,520 FA Additional spring on right bank 8/30/02 14:35 3,310
Low A3-4544 Inflow 4.544: FA Algal pond downstream from dry marsh 8/30/02 14:25 2,500
Low A3-4581 Stream 4,581, UFA Upstream from dry inflow draining left bank and old gravity mill 8/31/02 15:05 312
Low A3-4581 Stream 4,581 FA Upstream from dry inflow draining left bank and old gravity mill 8/31/02 15:05 312
Low A3-4581 Stream 4,581 RA Upstream from dry inflow draining left bank and old gravity mill 8/31/02 15:05 312
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Table E1. Chemical analyses of low- and high-flow synoptic samples
[Filter: UFA, ultrafiltration, FA, 0.45-micrometer, RA, total recoverable; mg/L, milligrams per liter; ug/L, micrograms per liter; blank cells, no analysis;
Sodium bromide injected]

Study Sample Source Distance  Filter Description Date Time Specific
identification conductance
meters microsiemens/c
m
Low A3-4713 Stream 4,713 UFA Downstream from "Pinicle Gap" 8/31/02 14:52 311
Low A3-4713 Stream 4,713 FA Downstream from "Pinicle Gap" 8/31/02 14:52 311
Low A3-4713 Stream 4713 RA Downstream from "Pinicle Gap" 8/31/02 14:52 311
Low A3-4806 Stream 4,806 UFA Upstream from Acid inflows 8/31/02 14:25 313
Low A3-4806 Stream 4,806 FA Upstream from Acid inflows 8/31/02 14:25 313
Low A3-4806 Stream 4,806 RA Upstream from Acid inflows 8/31/02 14:25 313
Low A3-4886 Inflow 4,886 FU Seep w/ acid algae 8/30/02 15:00 2,450
Low A3-4916A Stream 4916 FU T2 --> Downstream from acid inflows, upstream from Boulder Creek 8/31/02. 14:10 320
Low A3-4916B Stream 4916 UFA T2 --> Downstream from acid inflows, upstream from Boulder Creek 8/31/02 14:17 329
Low A3-4916B Stream 4916, FA T2 --> Downstream from acid inflows, upstream from Boulder Creek 8/31/02 14:17 329
Low A3-4916B Stream 4916 RA T2 --> Downstream from acid inflows, upstream from Boulder Creek 8/31/02 14:17 329
Low A3-4951 inflow 4,951 FA Boulder Creek AB2 8/31/02 14:04 171
Low A3-4951 Inflow 4,951 RA Boulder Creek A62 8/31/02 14:04 171
Low A3-5016 Stream 5,016 UFA Downstream from Boulder Creek 8/31/02 13:58 310
Low A3-5016 Stream 5,016, FA Downstream from Boulder Creek 8/31/02 13:58 310
Low A3-5016 Stream 5,016, RA Downstream from Boulder Creek 8/31/02 13:58 310
Low A3-5038 Inflow 5,038 UFA Substantial orange ppt inflow 8/31/02 13:54 2,380
Low A3-5038 Inflow 5,038 FA Substantial orange ppt inflow 8/31/02 13:54 2,380
Low A3-5038 Inflow 5,038 RA Substantial orange ppt inflow 8/31/02 13:54 2,380
Low A3-5131 Stream 5,131 UFA Downstream from orange ppt tailings bin 8/31/02 13:45 318
Low A3-5131 Stream 5,131 FA Downstream from orange ppt tailings bin 8/31/02 13:45 318
Low A3-5131 Stream 5,131 RA Downstream from orange ppt tailings bin 8/31/02 13:45 318
Low A3-5161 Inflow 5,161 FA Pond to stream left bank with fish 8/31/02. 13:40 936
Low A3-5221 Inflow 5,221 FA Drainage from Aspen Mine (not Blair Gulch) 8/31/02 13:35 914
Low A3-5251 Stream 5,251 UFA Downstream from Aspen Mine; upstream from seepage inflows 8/31/02 13:25 321
Low A3-5251 Stream 5,251 FA Downstream from Aspen Mine; upstream from seepage inflows 8/31/02 13:25 321
Low A3-5251 Stream 5,251 RA Downstream from Aspen Mine; upstream from seepage inflows 8/31/02 13:25 321
Low A3-5269 Inflow 5,269 FU Beginning of right bank algal seeps 8/30/02 15:20 1,289
Low A3-5295 Inflow 5,295 FA Drainage from left bank alteration 8/30/02 15:28 1,897
Low A3-5306 Stream 5,306 UFA Downstream from seeps on both sides 8/31/02 13:16 313
Low A3-5306 Stream 5,306 FA Downstream from seeps on both sides 8/31/02 13:16 313
2
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Table E1. Chemical analyses of low- and high-flow synoptic samples
[Filter: UFA, ultrafiltration, FA, 0.45-micrometer, RA, total recoverable; mg/L, milligrams per liter; ug/L, micrograms per liter; blank cells, no analysis;
Sodium bromide injected]

Study Sample Source  Distance : Filter Description Date Time Specific
identification conductance
meters microsiemens/c
m
Low A3-5306 Stream 5,306 RA Downstream from seeps on both sides 8/31/02 13:16 313
Low 'A3-5356 Inflow 5,356 UFA Discharge from slough draining tailings 8/31/02 12:48 1,728
Low A3-5356 Inflow 5,356 FA Discharge from slough draining tailings 8/31/02 12:48 1,728
Low A3-5356 Inflow 5,356 RA Discharge from slough draining tailings 8/31/02 12:48 1,728
Low A3-5448 Stream 5,448 UFA Integrating right bank inflow from slough 8/31/02 12:35 315
Low A3-5448 Stream 5,448 FA Integrating right bank inflow from siough 8/31/02 12:35 315
Low A3-5448 Stream 5,448 RA .Integrating right bank inflow from siough 8/31/02 12:35 315
Low A3-5536 Stream 5,536 UFA Stiream at Power Plant 8/31/02 12:20 314
Low A3-5536 Stream 5,536 FA Stream at Power Plant 8/31/02 12:20 314
Low A3-5536 Stream 5,536 RA Stream at Power Plant 8/31/02 12:20 314
Low A3-5756 Stream 5,756 UFA Upstream from right bank drainage ditch behind power plant 8/31/02 12:02 324
Low A3-5756 Stream 5,756 FA Upstream from right bank drainage ditch behind power plant 8/31/02 12:02 324
Low A3-5756 Stream 5,756 RA Upstream from right bank drainage ditch behind power plant 8/31/02 12:02 324
Low A3-5815 Inflow 5,815 FU Draining from fern and moss 8/30/02 16:32 458
Low A3-5858 Inflow 5,858 FA Seep along 60 m of grass 8/30/02 16:50 661
Low A3-5965 inflow 5,965 FA Small pool near stream 8/30/02 16:17 542
Low A3-6038 Stream 6,038 UFA Old T5--Integration of seeps on both sides 8/31/02 11:42 319
Low A3-6038 Stream 6,038 FA Old T5--Integration of seeps on both sides 8/31/02. 11:42 319
Low A3-6038 Stream 6,038, RA Old T5--Integration of seeps on both sides 8/31/02 11:42 319
Low A3-6126 Stream 6,126 UFA Upstream from substantial right bank staining 8/31/02 11:26 321
Low A3-6126 Stream 6,126, FA Upstream from substantial right bank staining 8/31/02 11:26 321
Low A3-6126 Stream 6,126, RA Upstream from substantial right bank staining 8/31/02 11:26 321
Low A3-6131 Inflow 6,131 FA At base of colluvium 8/31/02 11:17 638
Low A3-6131 Inflow 6,131 RA At base of colluvium 8/31/02) 11:17 638
Low A3-6150 Inflow 6,150 UFA Red stained right bank discharge 8/31/02. 11:11 1,554
Low A3-6150 inflow 6,150 FA Red stained right bank discharge 8/31/02 11:11 1,554
Low A3-6150 Inflow 6,150 RA Red stained right bank discharge 8/31/02 11:11 1,554
Low A3-6265 Stream 6,265 UFA downstream from major right bank inflow from tailings drainage 8/31/02 10:53 333
Low A3-6265 Stream 6,265 FA Downstream from major right bank inflow from tailings drainage 8/31/02 10:53 333
Low A3-6265 Stream 6,265 RA Downstream from major right bank inflow from tailings drainage 8/31/02 10:53 333
Low A3-6465 Stream 6,465 UFA Downstream from many right bank seeps 8/31/02 10:36 300
3
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Table E1. Chemical analyses of low- and high-flow synoptic samples
[Filter: UFA, ultrafiltration, FA, 0.45-micrometer, RA, total recoverable; mg/L, milligrams per liter; ug/L, micrograms per liter; blank cells, no analysis;
Sodium bromide injected]

Study Sample Source Distance  Filter Description Date Time Specific
identification conductance
meters microsiemens/c
m
Low A3-6465 Stream 6,465 FA Downstream from many right bank seeps 8/31/02 10:36 300
Low 'A3-6465 Stream 6,465 RA Downstream from many right bank seeps 8/31/02 10:36 300
Low A3-6745 Stream 6,745 UFA At Lacawana Bridge 8/31/02 10:11 338
Low A3-6745 Stream 6,745 FA AtlLacawana Bridge 8/31/02 10:11 338
Low A3-6745 Stream 6,745 RA AtlLacawana Bridge 8/31/02 10:11 338
Low A3-6994 Stream 6,994 UFA Upstream from Lacawana Mill 8/31/02 10:02 335
Low A3-6994 Stream 6,994 FA Upstream from Lacawana Mill 8/31/02 10:02 335
Low A3-6994 Stream 6,994 RA Upstream from Lacawana Mill 8/31/02 10:02 335
Low A3-7049 Inflow 7,049 FA New left bank inflow 8/31/02 9:54 797
Low A3-7177 Stream 7,177 UFA Upstream from Lacawana discharge 8/31/02 9:36 322
Low A3-7177 Stream 7,177 FA Upstream from Lacawana discharge 8/31/02 9:36 322
Low A3-7177 Stream 7,177 RA Upstream from Lacawana discharge 8/31/02 9:36 322
Low A3-7201 Inflow 7,201 FA Discharge from Lacawana area, pond 8/31/02 9:28 294
Low A3-7201 Inflow 7,201 RA Discharge from Lacawana area, pond 8/31/02 9:28 294
Low A3-7306 Stream 7,306 UFA Downstream from Lacawana Mill (A66) 8/31/02 9:15 335
Low A3-7306 Stream 7,306, FA Downstream from Lacawana Mill (A66) 8/31/02. 9:15 335
Low A3-7306 Stream 7,306 RA Downstream from Lacawana Mill (A66) 8/31/02 9:15 335
Low A3-7585 Stream 7,585 UFA Downstream from braids, good mixing 8/31/02 9:02 336
Low A3-7585 Stream 7,585 FA Downstream from braids, good mixing 8/31/02. 9:02 336
Low A3-7585 Stream 7,585 RA Downstream from braids, good mixing 8/31/02 9:02 336
Low A3-7750 inflow 7,750 UFA Ditch draining from pond nr roaster fines? 8/31/02 8:55 1,801
Low A3-7750 inflow 7,750 FA Ditch draining from pond nr roaster fines? 8/31/02 8:55 1,801
Low A3-7750 Inflow 7,750, RA Ditch draining from pond nr roaster fines? 8/31/02 8:55 1,801
Low A3-7858 Stream 7,858 UFA T3--At bridge / gage A68 8/31/02 8:45 331
Low A3-7858 Stream 7,858 FA T3--Atbridge / gage A68 8/31/02. 8:45 331
Low A3-7858 Stream 7,858 RA T3--Atbridge / gage A68 8/31/02 8:45 331
High A3HF-4023 Stream 3,909 FU Upstream 10 m from cascading right bank inflow 4/16/03 14:55 256
High A3HF-4161 Inflow 4,033. FU Rightbank cascade from rocky bank (4033) 4/16/03. 14:00 103
High A3HF-4166 Stream 4,166. FU T1 --> Upstream from Arrastra 4/16/03 15:05 271
High A3HF-4186 Inflow 4,186 FU Arastra Gulch 4/16/03 15:03 117
High A3HF-4250 Stream 4,250 FU T2 --> Downstream from bend Downstream from Arastra Guich 4/16/03 15:08 157
4
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Table E1. Chemical analyses of low- and high-flow synoptic samples
[Filter: UFA, ultrafiltration, FA, 0.45-micrometer, RA, fotal recoverable; mg/L, milligrams per liter; ug/L, micrograms per liter; blank cells, no analysis;
Sodium bromide injected]

Study Sample Source Distance  Filter Description Date Time Specific
identification conductance
meters microsiemens/c
m
High A3HF-4385 Inflow 4,385 FU Moss and Al pptn at spring 4/16/03 14:42 1,710
High A3HF-WP142 Inflow 4,533 FU Marshy ponds with algae near manganocrete 4/16/03 15:25 4,090
High A3HF-4580 Inflow 4,586 FU Dripping from moss after draining ponds 4/16/03 15:15 1,492
High A3HF-4892 Inflow 4,886 FU Largest channel of several coming in 4/16/03. 16:10 1,586
High A3HF-4916 Stream 4916 FU T3 --> Downstream from acid inflows, Upstream from Boulder Creek 4/16/03 15:30 239
High AA3HF-4951 Inflow 4,951 FU Boulder Creek A2 4/16/03. 15:40 12
High A3HF-5038 Inflow 5,038 FU Substantial orange ppt inflow 4/16/03. 16:00 1,760
High A3HF-5221 Inflow 5,221 FU Drainage from Aspen Mine 4/16/03 15:53 838
High A3HF-5356 Inflow 5,356 FU :Discharge from slough draining tailings 4/16/03. 16:40 2,510
High A3HF-5536 Stream 5,536, FU T4 --> Stream at Power Plant 4/16/03 15:45 115
High A3HF-5855 Inflow 5,858 FU Ditch draining from power plant 4/16/03. 16:28 191
High A3HF-6150 Inflow 6,150 FU Red stained right bank discharge 4/16/03 17:10 2,160
High A3HF-6745 Stream 6,745 FU T5 --> At Lacawana Bridge 4/16/03; 16:20 173
High A3HF-7100 Inflow 7,201 FU Drains right bank "protected” wetland area 4/16/03 17:22 30
High A3HF-7306 Stream 7,306 FU T6 --> Downstream from Lacawana Mill (A66) 4/16/03 16:35 71
High A3HF-7750 Inflow 7,750 FU Ditch draining from pond nr roaster fines? 4/16/03 17:38 1,081
High |A3HF-7858A ' Stream 7,858 FU T7--> At bridge / gage AB8 4/16/03: 16:50 133
High A3HF-7858B | Stream 7,858 FU T7--> At bridge / gage A68 4/16/03 16:55 195
5
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Table E1. Chemical analyses of low- and high-flow synoptic samples
[Filter: UFA, ultrafiltration, FA, 0.45-micrometer, RA, total recoverable; mg/L, milligrams per liter; ug/L, micrograms per liter; blank cells, no analysis;
Sodium bromide injected]

Study Sample Source Distance Filter pH Temperature, Calcium A Magnesium: Sodium @ Potassium  Alkalinity Sulfate  Sulfate, icp
identification
meters Celcius mg/L mg/L mg/L mg/L mg/Las . mg/L mg/L
CaCO3
Low A3-3655 Stream 3,655 UFA 7.77 15.5 49.0 3.02 214 .65 30.22 121 110
Low A3-3655 Stream 3,655 FA 7.77 15.5 52.5 3.21 2.29 .70 30.22 121 116
Low A3-3655 Stream 3,655 RA 7.77 15.5 50.4 3.09 213 .68 30.22 121 112
Low A3-4023 Stream 3,909 UFA 7.88 15.5 495 2.99 2.44 64 30.97 121 107
Low A3-4023 Stream 3,909 FA 7388 15.5 51.1 3.21 2.56 67 30.97 121 115
Low A3-4023 Stream 3,909: RA 7.88 15.5 56.5 3.22 2.55 72 30.97 121
Low A3-4161 Inflow 4033 FA 8.32 9.0 52.7 3.28 3.40 43 74.72 78.5 73.25
Low A3-4161 Inflow 4,033 RA 8.32 9.0 58.4 3.63 3.51 48 74.72 78.5
Low A3-4166 Stream 4166 UFA 8.10 15.5 50.5 3.13 2.60 74 28.96 121 121
Low A3-4166 Stream 4166 FA 8.10 15.5 50.0 3.06 2.51 61 28.96 121 109
Low A3-4166 Stream 4,166, RA 8.10 15.5 57.0 3.25 2.58 .70 28.96 121
Low A3-4186 Inflow 4,186 UFA 8.05 9.5 38.0 1.92 2.37 .54 51.85 63.2 59.23
Low A3-4186 Inflow 4186 FA 8.05 9.5 39.8 1.96 2.39 .54 51.85 63.2 60.16
Low A3-4186 Inflow 4,186 RA 8.05 9.5 41.5 1.97 2.27 .55 51.85 63.2
Low A3-4250A Stream 4,250 UFA 8.01 14.5 47.7 2.94 2.44 .69 32.03 115 107
Low A3-4250A Stream 4250 FA 8.01 14.5 51.5 3.13 2.63 .68 32.03 115 112
Low A3-4250A Stream 4,250 RA @ 8.01 14.5 52.2 3.05 2.40 87 32.03 115
Low A3-4250B Stream 4,250 UFA 7.89 14.5 499 2.97 247 71 35.32 114 108
Low A3-4250B Stream 4250 FA 7.89 14.5 50.8 3.00 2.53 .64 35.32 114 107
Low A3-4250B Stream 4250 RA 7.89 14.5 495 3.01 248 .66 35.32 114 109
Low A3-4300 Inflow 4300 FA 7.33 8.5 106 8.56 4.79 1.05 35.01 265 240
Low A3-4353 Inflow 4,353: FA 448 20.5 206 37.8 6.97 2.99 <.01 1,112 894
Low A3-4385 Inflow 4,385 FU 4.69 15.0 <.01 1,001
Low A3-4473 Stream 4473 UFA 7.91 15.0 48.0 3.05 2.46 .64 3247 114 106
Low A3-4473 Stream 4473 FA 7.91 15.0 492 3.03 2.55 .65 3247 114 104
Low A3-4473 Stream 4473 RA 791 15.0 52.8 2.94 2.35 .69 32.47 114
Low A3-4520 Inflow 4,520 FA 473 19.5 302 63.9 8.69 5.59 <.01 2,767 2,392
Low A3-4544 Inflow 4,544 FA 505 23.0 268 524 9.27 4.44 <.01 2,065 1,945
Low A3-4581 Stream 4581 UFA 8.03 15.0 495 3.04 2.50 .67 34.57 115 108
Low (A3-4581 Stream 4581 FA 8.03 15.0 51.6 3.13 2.67 .66 34.57 115 112
Low A3-4581 Stream 4,581 RA 8.03 15.0 55.3 3.15 2.57 .69 34.57 115
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Table E1. Chemical analyses of low- and high-flow synoptic samples
[Filter: UFA, ultrafiltration, FA, 0.45-micrometer, RA, total recoverable; mg/L, milligrams per liter; ug/L, micrograms per liter; blank celis, no analysis;
Sodium bromide injected]

Study Sample Source Distance Filter pH Temperature Calcium Magnesium Sodium Potassium . Alkalinity Sulfate  Sulfate, icp
identification
meters Celcius mg/L mg/L mg/L mg/L mg/Las  mg/L mg/L
CaCO3

Low A3-4713 Stream 4713 UFA 7.99 15.0 496 3.00 2.55 .66 32.50 115 106
Low A3-4713 Stream 4713 FA 7.99 15.0 50.9 3.05 2.51 .65 32.50 115 111
Low A3-4713 Stream 4713 RA 7.99 15.0 50.4 3.06 2.52 .64 32.50 115 110
Low A3-4806 Stream 4,806 UFA 7.74 14.5 53.1 3.05 2.64 .65 31.04 115 105
Low A3-4806 Stream 4806 FA 7.74 14.5 496 3.1 2.51 .65 31.04 115 106
Low A3-4806 Stream 4,806 RA 7.74 14.5 54.4 3.07 242 .63 31.04 115

Low A3-4886 Inflow 4,886 FU 6.05 14.5 33.63 1,668

Low A3-4916A Stream 4916 FU 7.94 14.5 118

Low A3-4916B Stream 4916 UFA 7.83 14.0 511 3.1 2.59 .70 33.95 118 113
Low A3-4916B Stream 4916 FA 7.83 14.0 51.9 3.13 2.58 71 33.95 118 115
Low A3-4916B Stream 4,916, RA 7.83 14.0 53.2 3.13 2.44 67 33.95 118

Low A3-4951 Inflow 4951 FA 8.07 14.0 26.3 1.39 142 .36 30.53 43.2 45.02
Low A3-4951 Inflow 4951 RA 8.07 14.0 254 1.31 1.33 .39 30.53 43.2 41.27
Low A3-5016 Stream 5,016 UFA 7.90 14.0 50.8 3.02 2.50 .68 32.41 114 108
Low A3-5016 Stream 5,016 FA 1790 14.0 49.0 2.92 242 .68 32.41 114 104
Low A3-5016 Stream 5,016 RA 7.90 14.0 53.3 3.09 2.40 62 32.41 114

Low A3-5038 Inflow 5,038 UFA 6.14 16.5 400 35.9 134 22.6 4919 1,581 1,457
Low A3-5038 Inflow 5,038 FA 6.14 16.5 403 34.3 14.0 23.1 4919 1,581 1,402
Low A3-5038 Inflow 5,038 RA 6.14 16.5 441 34.2 14.3 24.8 4919 1,581 1,416
Low A3-5131 Stream 5,131 UFA 7.79 14.0 50.8 3.10 2.52 72 33.23 115 112
Low A3-5131 Stream 5131 FA 7.79 14.0 51.5 3.08 2.59 .64 33.23 115 113
Low A3-5131 Stream 5,131 RA 7.79 14.0 54.7 3.13 2.46 .68 33.23 115

Low A3-5161 Inflow 5,161 FA 7.02 15.0 192 3.87 4.01 .50 48.41 469 429
Low A3-5221 Inflow 5221 FA 7.52 13.0 183 3.56 3.78 .60 42.78 450 418
Low A3-5251 Stream 5,251 UFA 7.84 14.0 51.8 3.04 2.53 .68 33.70 120 114
Low 'A3-5251 Stream 5251 FA 7.84 14.0 51.7 3.04 2.51 .65 33.70 120 110
Low A3-5251 Stream 5251 RA 7.84 14.0 51.6 3.03 247 .67 33.70 120 112
Low A3-5269 Inflow 5,269 FU 3.27 18.0 <.01 681

Low A3-5295 Inflow 5,295 FA 242 14.0 59.8 13.1 2.66 .28 956 754
Low A3-5306 Stream 5,306 UFA 7.81 13.5 52.6 2.98 2.54 .70 34.15 121 111
Low A3-5306 Stream 5,306, FA 7.81 13.5 52.9 3.07 2.53 .64 34.15 121 115
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Table E1. Chemical analyses of low- and high-flow synoptic samples
[Filter: UFA, ultrafiltration, FA, 0.45-micrometer, RA, total recoverable; mg/L, milligrams per liter; ug/L, micrograms per liter; blank cells, no analysis;
Sodium bromide injected]

Study Sample Source Distance  Filter pH Temperature: Calcium  Magnesium. Sodium Potassium  Alkalinity Sulfate  Sulfate, icp
identification
meters Celcius mg/L mg/L mg/L mg/L mg/Las  mg/L mg/L
CaCO3

Low A3-5306 Stream 5,306 RA  7.81 13.5 56.0 3.06 2.40 .63 34.15 121

Low A3-5356 Inflow 5,356 UFA 3.67 11.5 277 21.0 7.00 1.63 <.01 1,101 937
Low A3-5356 Inflow 5,356: FA 3.67 11.5 263 211 6.86 1.56 <.01 1,101 965
Low A3-5356 Inflow 5,356 RA  3.67 11.5 292 23.4 6.95 1.86 <.01 1,101 923
Low A3-5448 Stream 5,448 UFA 7.89 12.0 53.2 3.08 2.59 .63 33.10 123 123
Low A3-5448 Stream 5,448 FA 7.89 12.0 54.0 3.22 2.53 .69 33.10 123 121
Low A3-5448 Stream 5,448 RA 7.89 12.0 57.6 3.14 2.54 67 33.10 123

Low A3-5536 Stream 5,536 UFA 7.89 11.5 52.1 2.94 2.44 .68 33.48 123 114
Low A3-5536 Stream 5,536 FA 7.89 11.5 53.8 3.13 2.52 71 33.48 123 118
Low A3-5536 Stream 5,536 RA 7.89 11.5 52.6 3.05 2.46 .63 33.48 123 115
Low A3-5756 Stream 5,756 UFA 7.79 11.0 51.8 3.06 247 .65 34 .57 121 116
Low A3-5756 Stream 5,756, FA 7.79 11.0 53.4 3.15 2.61 .62 34.57 121 116
Low A3-5756 Stream 5,756 RA 7.79 11.0 58.2 3.10 2.44 .59 34.57 121

Low A3-5815 Inflow 5,815 FU 6.49 12.0 32.64 199

Low A3-5858 Inflow 5,858 FA 6.19 15.0 110 7.27 4.64 4.11 20.68 344 321
Low A3-5965 Inflow 5965 FA 6.71 21.0 99.9 2.36 3.01 .84 27.23 233 227
Low A3-6038 Stream 6,038 UFA 7.78 10.5 51.5 2.94 2.51 .66 31.51 123 113
Low A3-6038 Stream 6,038 FA (7.78 10.5 53.7 3.09 2.57 .59 31.51 123 120
Low A3-6038 Stream 6,038 RA 778 10.5 524 3.02 248 .65 31.51 123 115
Low A3-6126 Stream 6,126 UFA 7.66 10.0 51.2 3.07 240 .66 35.08 125 112
Low A3-6126 Stream 6,126 FA 7.66 10.0 54.0 3.12 2.59 .63 35.08 125 119
Low A3-6126 Stream 6,126 RA 7.66 10.0 57.6 3.22 2.53 .62 35.08 125

Low A3-6131 Inflow 6,131 FA 6.88 12.0 126 2.93 3.58 71 30.76 299 279
Low A3-6131 Inflow 6,131 RA 6.88 12.0 121 2.98 3.59 .68 30.76 299 279
Low A3-6150 Inflow 6,150 UFA 5.46 17.0 187 254 577 413 <.01 1,082 885
Low A3-6150 Inflow 6,150 FA 546 17.0 183 26.5 5.79 445 <.01 1,032 860
Low A3-6150 Inflow 6,150 RA 5.46 17.0 209 252 6.00 419 <.01 1,032 869
Low A3-6265 Stream 6,265 UFA 7.79 10.0 53.8 3.23 2.57 .70 37.34 126 121
Low A3-6265 Stream 6,265 FA 7.79 10.0 54.5 3.24 2.52 .64 37.34 126 118
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